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Abstract 
In recent years, the accident rates of freight transportation in the towns of Colombia have increased. The risk related to the 
transport of dangerous goods and its impact on transport chain is not well-known for the companies or the national authorities. 
Municipalities do not have a specific legislation for the transportation of these materials inside urban areas and is the Ministry of 
Infrastructure and Transportation that regulates this type of freight movements in road national network, including roads across 
urban areas. The main objective of this research was to develop a methodology focused on identifies the key variables that would 
allow us to propose a set of strategic and operational indicators to integrate road safety in the transport chain of major dangerous 
products transported by road in Colombia. The methodology assessed the degree to which road safety is within the strategic and 
operational planning by the stakeholders of the transport chain as well as the identification of compliance with the law by freight 
generators, carriers and drivers carrying HAZMAT in urban areas in Colombia. The research is aimed to contribute to the 
analysis to integrate road safety into strategic and operational planning of transportation chain and to implement public policies 
in order to improve the transport chain of HAZMAT in Colombian cities, along with specific indicators to enhance the 
performance of the transport chain by the organizations involved. 
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1. Introduction 
Deaths from traffic accidents are a public health problem worldwide and are the ninth leading cause of morbidity, 
which generates high social and economic costs for countries. According with the statistics of the World Health 
Organization-WHO, Latin America showed the highest mortality rate with 26.1 deaths per 100,000 inhabitants 
(WHO, 2004).   
The Ministry of Infrastructure and Transportation regulates the transportation of dangerous goods in Colombia, 
including urban areas. In Colombia there are no restrictions for the transportation of this type of materials inside 
towns and cities. General regulation defines HAZMAT as "materials, substances or articles that have potential risk to 
the health, property or the environment" (Mintransporte, 2008), but in this research we did not find official and 
specific statistics for accidents of vehicles carrying HAZMAT in the country nor in urban areas. However, based on 
information collected for this study, it was found that during 2012 in Colombia there were 194,221 accidents and     
6,152 fatalities in traffic accidents (Mintransporte, 2014), the road accidents related to freight transport were 27,012 
for the country and 18,697 in the urban areas (Mintransporte, 2013a).  
In 2012 were transported by road more than 162 million tons of goods and 21 million tons were dangerous goods. 
87% of dangerous goods correspond to flammable liquids and 9% to gases. However, there is no specific 
information on the number of traffic accidents or incidents with vehicles carrying dangerous goods. The transport of 
dangerous goods in urban areas in Colombia represents a greater risk, because there are not exclusive lanes or routes 
for this type of transport, i.e. the vehicles can pass through any area or any urban road. 
This research aims to propose a methodology to integrate security into the strategic and operational planning of 
the supply chain of major hazardous products transported in the country, specifically in the distribution part of 
transport chain.  
The paper is divided in five parts: part one includes a summary of secondary data, which allowed the definition of 
main dangerous goods transported by road in the country. In the second part, the research methodology was defined: 
sample design; methods for surveys to main stakeholders: drivers, carriers, and managers; and in step three, the 
analysis of the results of surveys was performed. 
The fourth part proposes an approach to integrate security into the strategic and operational planning of the 
transport supply chain for the main types of dangerous goods in Colombia with a set of KPI (Key Performance 
Indicators) to manage safety performance. Finally in part five the discussion of the results, conclusions and 
recommendations of the research are presented. 
2. Background 
According to the research conducted in 2009 by WHO, 5,409 deaths in Colombia are related with traffic 
accidents, of which 17.2% are driver/passenger four-wheel vehicles; 36.1% driver/passenger two and three-wheel; 
7.7% cyclists; 33.6% pedestrians and 5.5% are unspecified (WHO, 2009).  The number of accidents in Colombia in 
2010 shows that of 76,336 serious accidents, 68,862 were in urban areas.  The number of road accidents that 
occurred in 2012 was 194,221 accidents and 6,152 deaths, with a 5.6% increase in the number of accidents and 5.5% 
in the number of deaths over the previous year (Mintransporte, 2014).  At present in Colombia there are no official 
statistics for accidents involving dangerous goods vehicles in urban areas. 
The main national road network in Colombia has 100,419 kilometers. The number of trucks is 350,961 (3.6% of 
total motorized vehicles): 257,190 medium trucks; 62,513 trailers, 31,235 dump trucks and 417,668 people are 
licensed to drive trucks (Mintransporte, 2014).  
In 2009 were transported by road 21.5 million tons and 893,000 trips were made. Transportation of dangerous 
goods is equivalent to 13% of goods transported in Colombia. 79% of the dangerous goods are transported in trailer 
vehicles and 10.9% in 2-axle conventional trucks (Mintransporte, 2013b). 
The transport of dangerous goods is regulated by Decree 1 609 of 2002, whereby is defined the management of 
land transport of dangerous goods by roads. In this decree the classification of dangerous goods defined by the 
United Nations Organization (UN) is established.  
In Colombia according to origin-destination freight survey of years 2002 to 2009 and the UN classification, the 
main dangerous goods transported by road are Class 3: Flammable Liquids (87.4%) and Class 2: Gases (8.7%), 
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(Mintransporte, 2013b). Of these, the main products are: oil, diesel, gasoline, asphalt, paints and varnishes, alcohols, 
fertilizers, acids and gases such as propane, oxygen, nitrogen, argon and hydrogen. The research was focused on 
these two main categories of dangerous goods transported in the country. 
No official statistics about total accidents involving dangerous goods are known, however the reports of spills of 
dangerous goods issued by some private companies in charge of emergency attention shown that there were 
accidents involving HAZMAT: 55% rollover vehicle accidents and 13% for other causes (ANLA, 2013).  Another 
agency reported 48 emergencies involving dangerous goods where 83% were spills and the other 17% were leaks, 
fires, explosions and emergencies without release of product (Cisproquim-CCS, 2013). These statistics do not 
classify on which part of the supply chain the incident occurred and only take into account the accidents where they 
provided emergency services. 
In Colombia few researches about the transport of dangerous goods are documented (Bastidas, 2011) and there 
are not published studies about the integration of safety in the transport chain of these materials. 
In the literature review, it was found a research conducted by Rijal (Rijal, 2007), where the author analyses the 
supply chain through a system of performance measurement using Key Performance Indicators (KPI) for the 
transport of dangerous goods. Other research by Ümit proposes route planning for HAZMAT vehicles based in a 
Geographic Information System (GIS) for decision process, taking into account the risk and cost variables (Ümit, 
2002). Brugliera also mentions in another research that the variables that must be considered before the HAZMAT 
trips are: Forecast: risk analysis, simulations and mapping routes; and Prevention: programming and evaluation of 
routes. 
3. Methodology 
The main objective of this research is to develop a methodology focused on recognizing the key variables that 
would allow proposing strategic and operational indicators to integrate road safety in the transport chain of main 
hazardous materials, specifically at the phase of transport distribution in the towns and cities in Colombia. 
The methodology assesses the degree to which road safety is within the strategic and operational planning by the 
different actors of the transport chain as well as the identification of compliance with the law by freight producers, 
carriers and drivers carrying HAZMAT in cities in Colombia.  
In the research methodology, tools such as surveys and interviews focused on the three factors of study: transport 
safety, supply chain and dangerous goods for those involved in the transport chain were applied. This paper includes 
main results of the information collected; the overall results are included in the document “Methodology for 
integrating security in the planning of the distribution and transport of dangerous goods by road in Colombia” 
(Forigua, 2014).   
In the driver surveys the potential factors involved in the safe transport of dangerous goods were identified. The 
interviews that were conducted in transport companies and in companies that produce hazardous goods, these are 
focused on define key performance indicators and the integration of road safety in strategic and operational planning 
in the transport chain. 
3.1. Surveys for drivers 
 The objectives in the survey for drivers were: 
x Define whether or not road safety issues were considered in the transport operational planning. 
x Identify if a planning system and procedures are applied in the transport chain. 
x Determine whether or not the supply chain considers the application of safety standards for the transport of 
dangerous goods. 
x Identify compliance with transport of dangerous goods national law. 
Drivers transporting dangerous goods were the subjects supplying the information on the research variables in the 
survey. A pilot test was applied to obtain statistical information for sample size. The sample size was 42 drivers and 
surveys were conducted in facilities located in urban areas near the outputs of two important cities: Bogotá and 
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Villavicencio, taking into account that these cities are the main points of the path between production centers of 
hydrocarbons and other oil products, located in Meta State (Capital Villavicencio) and the main distribution center 
(Bogotá, Capital of the country). The corridor selected is one of the most important for the transport of dangerous 
goods mainly in classes 2 and 3.   
According to the research variables the following results were obtained as shown in Table 1: 
Table 1. Results of drivers’ survey. 
Objectives Results 
Assess whether companies disclose safety indicators 
and productivity for drivers transporting dangerous 
goods 
44% of drivers do not know the safety and productivity 
indicators 
Identify in planning trips who is in charge of  vehicle 
inspection 
44% planned by transportation companies, 6% planned 
for load generators, 50% depends of the driver 
Assess about planning routes 16% the driver defines the route, 20% there are no pre-
established routes 
Assess if considerations such as working hours of 
drivers, driving times and resting conditions are 
included in the operational planning 
20% of drivers working more than 15 hours a day, 
30% work between 12 hours and 15 hours; 65% work 
7 days a week; 40% of drivers drive between 11 and 13 
hours a day, 10% of drivers drive more than 13 hours a 
day 
Evaluate if the training is part of the operational 
controls 
34% of drivers have training annually. 73% have 
received training on defensive driving and 78% of 
emergency care 
Assess whether speed controls is part of the 
operational controls 
10% of companies do not have mechanisms to control 
speed 
Assess compliance with national legislation in the 
transport of dangerous goods 
In 91% of the responses the requirements of the 
legislation are met 
Source: summary of driver’s responses (N= 42) 
3.2. Interviews of carriers 
The research variables that were used in interviews with transport companies were: 
x Identify which management indicators in the supply chain are used by carriers.  
x Assess whether integration of road safety in strategic and operational planning are include. 
x Identify safety standards for the transport of dangerous goods. 
The interviews were conducted in four transportation companies of different sizes (less than 50 vehicles, 50-100 
vehicles, 100-500 vehicles and more than 500 vehicles) and located in main cities (Bogotá, Medellin, Cartagena and 
Barranquilla). According to the research variables the following results were obtained as shown in Table 2: 
Table 2.  Results for managers interviewed in transport companies. 
Objectives Results 
Identify the type of strategic indicators that handle 
companies for dangerous goods transportation 
75% of the interviewed companies manage KPI 
preventative safety indicators. Transportation companies 
do not handle quality indicators and accidents 
Identify what type of operational indicators at the level 
of supervision and coordination handle dangerous goods 
transportation companies  
Transport companies do not handle indicators with staff 
coordination and supervision 
Identify which operating indicators, to a driver level, are 
being measured by the transportation companies 
handling dangerous goods 
75% of transportation companies manage preventative 
safety KPI 
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Source: Compiled from transport companies interviews  
3.3. Interviews of producers of dangerous goods 
Research variables that were used in the interviews to generators of hazardous goods, focused in companies that 
generate products Class 2 or 3: 
x Identify which measure indicators are used by the generators of dangerous goods in the transport supply chain. 
x Assess whether integration of road safety in strategic and operational planning of the transport of dangerous 
goods. 
x Identify safety standards for the transport of dangerous goods. 
According to the research variables the following results were obtained as shown in Table 3: 
Table 3. Results managers interviewed generators of hazardous goods. 
Objectives Results 
Identify the type of strategic indicators that handle 
companies for dangerous goods transportation 
Transportation companies manage KPI accident and 
productivity indicators, they are reviewed in smaller 
proportion and are focused in preventative safety and 
quality. 
Identify what type of operational indicators at the level of 
supervision and coordination handle dangerous goods 
transportation companies. 
No handled KPI level managers and supervisors. Quality 
and road accidents are not measured by any of the 
companies and only 50% assess productivity. 
Identify which operating indicators, to a driver level, are 
being measured by the transportation companies handling 
dangerous goods 
Generators of hazardous goods, do not handle indicators 
with drivers 
Source: Compiled from generators of hazardous goods interviews  
3.4. Results of survey and interviews   
From the strategic point of view can be seen in the analysis of results that both producers of dangerous goods and 
transportation companies are not aligned for best results under the aspects of preventive safety, cost, quality, level of 
service, productivity and accidents.   
In positions of coordination and supervision of the transport chain, they are not managing indicators for better 
results in the operational planning of the supply chain.  Producers of dangerous goods do not handle indicators with 
drivers. 
The perception of drivers is that they are not taken into account in planning issues. Drivers do not know how they 
are impacting organizational performance.  
Transportation companies and producers of dangerous goods require productivity and compliance deliveries, but 
without drivers is not easily to reach that objective, the companies that involve their drivers in operational transport 
planning strategies can impact the behavior of them to have better results in productivity and safety.  
Generators of hazardous goods and transportation companies are not giving enough time for drivers to perform 
the preoperational inspection correctly. Route planning does not include paths and tracks analysis to allow better 
delivery times to customers, to reduce distribution costs and to mitigate security risks in transport. 
The results show that the planning of routes and workplaces, are not taken into account the risks of driver fatigue 
carrying dangerous goods, where the consequences can be more serious for the pumped product. Additionally, the 
absence of a specific legislation about the workday for drivers, carriers and vehicle owners in Colombia generates a 
high occupational hazard.  
In this research, the adoption of a set of Key Performance Indicators (KPIs) that are internationally standardized 
and the proposed for the authors for the specific case of transport of hazardous materials in Colombia are 
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recommended. Additionally, we propose to include prevention and management KPIs to integrate safety into the 
supply chain for the transport of hazardous materials in urban areas. 
4. Discussion 
Some authors exclude road safety to address the issue of management in the supply chain or mentioned as an 
isolated or simply give as a requirement, what is proposed in this research correspond with those reported by 
Khairur Rijal, Hayati Habibah and Tan Chiaw (Rijal, 2007), where the authors include in the safety analysis of the 
supply chain the point of view of the accident; in addition to offering by these authors, this research proposes to 
include the prevention of security as one of the cornerstones of the supply chain of dangerous goods in urban areas 
in Colombia.  
We review the indicators of reliability, responsiveness, agility of the supply chain, cost management and asset 
management presented by the SCOR® Model (SCC, 2014) and customer service, productivity, quality are made and 
accident presented by Rijal (Rijal, 2007). 
Considering the above mentioned by the authors, the following are involved as indicators measuring the impact 
on safety, level of service, cost and productivity of the supply chain: 
x Management of service delivery: it is essential that the dangerous goods arrive just in time, the right product, the 
right quantity and at the right time; to achieve it is necessary to maintain a good level of inventories and 
resources available for delivery; within these indicators are: the reliability of delivery, measurement of service 
delivery and full-time deliveries. 
x Security management: focuses on detailing the security information problems in transport; within these indicators 
are: accident rate of preventable trucks (TAAR - Truck Avoidable Accident Rate), rate of cases with days away 
from work (LWCR or LTIR - Lost Workday Case Rate) and management of safety standards (training, 
observations behavior, others). 
x Management of productivity: allow understanding the costs associated with the distribution. These indicators are: 
utilization of installed capacity (Capacity Utilization), use of vehicles (Vehicle Utilization) and contributing 
factors and contradict productivity. 
x Management of distribution costs: it is necessary to know exactly how much is spent and what is spent. These 
indicators are: total cost of distribution distance, total variable costs, fixed costs and overall total transportation 
costs. 
x Measurements customer focus: reliability, responsiveness and agility. 
x Measurements with internal focus: cost management, and asset management. 
Considering the information obtained and relevance in their impact, in addition to the KPI above, the following 
indicators are proposed to involve security in the supply chain in the transport of dangerous goods in Colombia: 
x Management preventative safety: implementation of standards (minimum, advanced and world class standards), 
verified inspections, speeding, driving hours, alcohol testing, certified drivers in dangerous goods, traffic 
violations, compliance audits and deviations standards, contingencies care program clients, emergency response 
program in transport of dangerous goods. 
x Management planning: planning routes, trainings conducted (defensive driving, preventing rollovers, fatigue, 
distraction, speed and dynamic risk analysis), and inventory levels. 
x Management of costs: costs of accidents, safety prevention costs, costs of preventive and corrective maintenance, 
driver turnover costs, driving efficiency and costs of transport services. 
The main formulas of the proposed planning (Leading) are: 
 
ܴܲ ൌ ௣௟௔௡௡௘ௗ௥௢௨௧௘௦௧௢௧௔௟௥௢௨௧௘௦௠௔ௗ௘                                                                      (1) 
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ܲܧ ൌ ௧௥௔௜௡௜௡௚௖௢௡ௗ௨௖௧௘ௗ௧௥௔௜௡௜௡௚௣௟௔௡௡௘ௗ                                                                     (2) 
 
The main forms of management indicators (Lagging) proposed are: 
 
ܫܴ ൌ ௩௘௥௜௙௜௘ௗ௜௡௦௣௘௖௧௜௢௡௦௜௡௦௣௘௖௧௜௢௡௦                                                                       (3) 
 
ܪܥ ൌ ௗ௥௜௩௘௥௛௢௨௥௦௪௢௥௞௧௜௠௘௟௘௚௔௟                                                                         (4) 
 
ܸܴ ൌ ௟௘௡௚௧௛௢௙௧௛௘௥௢௨௧௘௞௠௦௡௨௠௕௘௥௢௙௦௣௘௘ௗ௜௡௚                                                                   (5) 
 
For decision-making in the supply chain for the transport of dangerous goods by road, it is necessary to have a 
control KPI box containing at least what is shown in Table 4. The table shows the indicators that should be managed 
by each actor involved in the transport chain of dangerous goods. 
Table 1. KPI Matrix control for decision. 
Indicator 
Generator 
management 
Transporter 
management 
Generator 
Supervisor 
Transporter 
Supervisor 
Driver 
Reliability X X    
Responsiveness X X X X  
Productivity X X X X X 
Cost management X X X X  
Agility and service level X X X X X 
Quality X X X X X 
Preventative safety 
management 
X X X X X 
Accident X X X X  
Asset Management X X    
 
The supervision and coordination that is performed for the management of the security and quality since and 
during the process of programming and control, provides better results in the supply chain, mainly because in 
productivity, when  security is managed with the best performance levels,  better decisions are made to achieve 
continuous improvement. 
Planning-Leading indicators such as reliability, responsiveness, productivity, asset management, agility and 
service level, combined with safety indicators, allow to the companies to know the level of planning in the supply 
chain, to seek better results in the management indicators: accident, cost management and quality. 
In addition, specific indicators for basic activities of transport planning are proposed: training, vehicle inspections, 
route planning, working hours and speeding, application of international standards, alcohol testing, and driver’s 
licenses in dangerous goods. 
The integration of road safety in the transport of the supply chain of dangerous goods in urban areas includes 
three subjects: Transport Chain, HAZMAT and Road Safety, is part of a baseline comply with legal requirements, 
then in an advanced level the international rules may be included; for finely reach world class level where the best 
operational practices are adopted for whole supply chain (SCC, 2014), in summary, in  
Table 2 5, key standards for the integration of road safety in the supply chain are shown: 
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Table 2. Summary of Key Standards for integration road safety in the supply chain. 
Research Factor Minimum Standard Colombia International Standard World Class 
Transport Chain Conpes 3547/2008 
(National Policy Documents) 
ICC (Incoterms) 
ISO 28000 
ISO 9001 
CEPAL 
GS1 
SCOR® 
RoadMap-DUPONT® 
Research Centres 
HAZMAT Decree 1609/2002 
Icontec – NTC 
(National Standards) 
UN 
ADR 
NFPA 
DOT 
Technology Providers 
Research Centres 
DUPONT® 
Road Safety Resolution 1565/2014 
Decree 2851/2013 
Law 1503/2011 
Law 769/2002 
RUC® 2013 
(Ministry of Transportation 
Regulations) 
OMS 
BID 
ISO 39001 
ISO 31000 
BASC 
Safe Start® 
LFI 
Research Centres 
Source: Compiled from information from the different organizations involved in the issues for integrating security in the supply chain 
and the SCOR® model 
5. Conclusions 
x This research propose to the Road Security Group (an advisor office of Ministry of Transportation in Colombia) 
to implement public policies to improve the transport chain of dangerous goods in urban areas in Colombia, such 
as: standardize legislation implementing the ADR to the Colombian situation; restricting the movement of these 
vehicles on certain roads of cities and towns; training surveillance authorities to control dangerous goods vehicles 
and certifying carriers of dangerous goods.  
x The proposed measurement and measured indicators show that the perception of safety by drivers is low; 
transportation companies focus their efforts on the needs of their clients and there is not compliance with 
regulations. 
x We recommended continuing the research with surveys in other routes and with other classes of dangerous goods 
in order to improve transport chain for HAZMATs in the country. 
x The proposed indicators can support the increased safety of this stage of the transport supply chain. 
x As a contribution of this research and based on the results presented, the Ministry of Transport decided to 
perform a larger study in different cities and highways of the country, which is in process of execution.  
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